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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical recording 
medium suitable for use in a holography memory system. 

SOLUTION: The optical recording medium includes a glassy fi^) CH 5 Ey8 -Hj 

hybrid inorg. org. three-dimensional matrix in which an optical ch^c^o-Shoch^ch, -Si-o-SI-cch^Hj 

image forming system having >1 optically active org. monomer is 3 -3 

disposed. The medium provides the precursor material of the CtyCHj ^CHj 

hybrid inorg. and org. matrix shown in figure and is produced by ^ 

mixing the matrix, precursor material with the optical image r T 
forming system and curing the matrix, precursor material, 
thereby forming the matrix in the original position. The hybrid 

matrix, precursor material is typically the oligomer derived from 0 CH 3 O 0 ^ 

the compd. expressed as RnM(OR')4-n, where M is a metal -^I- 0-S!- C 4- -si- c -Si- J -Si - 

element having tervalent or higher valence, such as silicon, 3 C 

titanium, germanium, zirconium, vanadium or aluminum; R is an CH 2 CHj -Sl- 
alkyl or allyl; R ? is a lower alkyl; n is within a range of 1 to 2. The 

hybrid characteristic of the matrix material renders several T * r 3 
advantages. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation • 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The formation process of an optical recording medium equipped with the process which shows the 
chemical property from which are the process which mixes the process which offers a hybrid inorganic 
organic matrix precursor, a matrix precursor, and a light figure formation system equipped with an optical 
activity monomer, and the process which forms the hybrid inorganic organic matrix which is made to harden 
mixture and is equipped with a light figure formation system, and the matrix and the light figure formation 
system became independent of. 

[Claim 2] The process according to claim 1 further equipped with the process which performs the precure of 
a matrix precursor before mixing a matrix precursor and a light figure formation system. 
[Claim 3] The process according to claim 1 which a light figure formation system equips with a 
photopolymerization initiator further. 

[Claim 4] The process according to claim 1 whose hardening is heat curing. 

[Claim 5] The process according to claim 1 in which a matrix precursor reacts to according to the device of 
condensation, and forms a matrix. 

[Claim 6] It is the process according to claim 1 whose n it is the low alkyl in which it is the metallic element 
in which a matrix precursor is guided from at least one compound of general formula Rn M(OR ! )4-n, and M 
has a valence more than trivalent, R is alkyl or an allyl compound, and R 1 has four or less carbon atoms, and 
is within the limits of 1-2. 

[Claim 7] The process according to claim 6 as which M is chosen from silicon, titanium, germanium, a 
zirconium, vanadium, and aluminum. 

[Claim 8] The process according to claim 1 to which a matrix precursor is guided from at least one 3 
organic-functions organic alkoxysilane and which a matrix equips with a branching siloxane ladder type 
network. 

[Claim 9] The process according to claim 8 guided from the matter with which a matrix precursor is 
equipped with at least one of methyl triethoxysilane, and the phenyltriethoxysilane and dimethyl 
diethoxysilane. 

[Claim 10] The process according to claim 8 further equipped with the process which performs the precure 
of a matrix precursor before mixing a matrix precursor with a light figure formation system. 
[Claim 11] The process according to claim 10 further equipped with the process which mixes a matrix 
precursor with a solvent. 

[Claim 12] The process according to claim 1 1 whose solvent is an acetone. 

[Claim 13] The process of claim 10 performed at the temperature whose precure is about 100-160 degrees 
C. 

[Claim 14] The process according to claim 10 to which hardening is carried out at the temperature which is 
about 60-80 degrees C. 

[Claim 15] The process according to claim 8 which a light figure formation system equips with a 
photopolymerization initiator further. 

[Claim 1 6] The optical recording medium which it is the light figure formation system arranged into the 
hybrid inorganic organic matrix and the matrix, and a light figure formation system is equipped with an 
optical activity monomer, and is equipped with the light figure formation system in which the chemical 
property which the matrix and the light figure formation system became independent of is shown. 
[Claim 17] The optical recording medium according to claim 16 with which a medium is manufactured 
according to a process according to claim 1 . 

[Claim 18] The optical recording medium according to claim 16 with which a medium is manufactured 
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according to a process according to claim 6. 

[Claim 19] The optical recording medium according to claim 16 with which a medium is manufactured 
according to a process according to claim 8. 

[Claim 20] The optical recording medium according to claim 16 with which a matrix is formed as a layer 
thicker than 1mm. 

[Claim 21] The optical recording medium according to claim 20 by which a layer is supported with the sheet 
of at least one sheet of the ingredient chosen from glass and plastics. 

[Claim 22] The optical recording medium according to claim 16 with which a light figure formation system 
is further equipped with a photopolymerization initiator. 

[Claim 23] The optical recording medium according to claim 16 with which a matrix has a glass transition 
temperature higher than 45 degrees C. 

[Claim 24] The process of holography equipped with the process which shows the chemical property from 
which are the process which irradiates the field where the optical recording medium was chosen, the optical 
recording medium was equipped with the light figure formation system arranged into the hybrid inorganic 
organic matrix and the matrix, and the light figure formation system was equipped with the optical activity 
monomer, and the matrix and the light figure formation system became independent of. 
[Claim 25] The process according to claim 24 from which a hybrid inorganic organic matrix is 
manufactured in a process according to claim 1 . 

[Claim 26] The process according to claim 24 from which a hybrid inorganic organic matrix is 
manufactured in a process according to claim 8. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a useful medium especially by the holography storage 

system about an information storage medium. 

[0002] 

[Description of the Prior Art] The developer of an information storage device and an approach is continuing 
pursuing increasing storage capacity. As a part of this development, the memory system, especially 
holography system of a page method have been proposed as what is replaced with the conventional memory 
apparatus. A page method system is related with storage and read-out of data. [ a 2-dimensional whole 
page ] Especially record light passes the two-dimensional array showing the page of data of a dark 
transparent field, and a holography system memorizes the holography expression of a page by three 
dimensions as a pattern of the changing refractive index and/or absorption by which the imprint (imprinted) 
was carried out to the storage. The holography system is generally explained by "Holographic Memories 
(holography memory)" (Scientific American, November, 1995), such as D.Psaltis, and the indication is 
included in this specification by reference. The one approach of holography storage is phase correlation 
multiplexer holography, it is explained by the U.S. Pat. No. 5,719,691 number (February 17, 1998 issue), 
and the indication is included in this specification by reference. By phase correlation multiplexer 
holography, a reference beam beam passes a phase mask, crosses in the signal beam which passed the array 
showing data, and a record medium, and forms a hologram into a medium. It is enabled for the relation 
between a phase mask and a reference beam to modulate the phase of a reference beam by [ which data 
follow ] being adjusted for every page, and to memorize data to the duplication field in a medium. This data 
is behind reconstructed by letting a reference beam pass to the original storage location by the same phase 
modulation as being used between data storage. 

[0003] The function of a holography storage system is partially restricted by the storage. As a storage for the 
purpose of research, the lithium niobate with which iron was doped has been used for years. However, 
lithium niobate is expensive, its sensibility is bad and the inclination which a noise produces is between 
read-out of the memorized information. The thing which comes to follow has been called for especially in 
the field of a photosensitive polymer film. For example, "Photopolymers for Holograph (optical polymer of 
a holography sake)" (SPIE OE / laser meeting, 1212-03, California Los Angeles, 1990), such as 
W.K.Smothers. The ingredient currently explained with this report contains the light figure formation 
system of a liquid monomer ingredient and a photopolymerization initiator (photoinitiator) (the 
polymerization of a monomer is promoted when exposed to light) in an inactive matrix organic polymer 
substantially to exposure light. While writing information in the ingredient, the polymerization of the 
monomer is carried out in an exposed region (it lets the inside of the array which expresses data for record 
light pass). Since the concentration of a monomer becomes low as a result, the monomer of the dark field of 
an ingredient which has not been exposed is diffused in an exposed region. The concentration gradient 
produced by the polymerization and its result brings about change of a refractive index, and forms the 
hologram containing data, since joining (deposition) of the prior shaping matrix material which contains a 
light figure formation system also in a misfortune needs use of a solvent, in order to enable suitable 
evaporation of a solvent — the thickness of an ingredient — only [ for example, ] — it is restricted to about 
150 micrometers. Furthermore, 4 - 10% of bulk contraction (bulk shrinkage) caused by the polymerization 
has effect harmful to the dependability of data retrieval ("bulk" shows that contraction takes place over the 
whole ingredient). 

[0004] As for the United States patent application sequence number 08th / No. 698,142 (an applicant's 
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reference number Colvin-Harris-Kats-Schilling 1-2-16-10), the indication is included in this specification by 
reference about a polymer holography medium. A medium mixes an optical activity monomer with an 
oligomer matrix precursor, it is formed by carrying out photo-curing of the mixture, and the (a) matrix is 
formed from oligomer, and it enables it to use a part of (b) monomer [ at least ] for holography record 
therefore, not reacted. Thickening is possible to 1mm or more (since a solvent is unnecessary to joining of 
these ingredients, for example, since mixture is a liquid). Probably, higher resolution will be possible when 
bulk contraction of the medium between writing can be restricted, although the ingredient has many 
attributes. 

[0005] The attempt which offers the light figure formation system which contains a monomer in a glass 
matrix has also been made. U.S. Pat. No. 4,842,968 is indicating the porous glass matrix from which the 
hole is filled with the light figure formation system. Porous glass is put in by the container of a light figure 
formation system, and a light figure formation system is diffused in a hole in this. After being exposed to 
light, a light figure formation system is not exposed, namely, the part by which a polymerization is not 
carried out needs to remove from a hole with a solvent, and it goes into the hole with which typically 
another ingredient became empty instead. In contrast with a medium including a polymer matrix, a glass 
matrix offers the integrity on desirable structure, and enables formation of a comparatively thick (for 
example, it exceeds 1mm) optical recording medium useful to a holography storage system. However, the 
medium of this patent has some practical faults. In order to remove an adiaphorous monomer especially, a 
complicated chemical treatment is required, and the tolerance at the time of defining the structure in prior 
shaping glass, a volume percent porosity rate, the magnitude of a hole, and link of a hole is low. 
[0006] Therefore, the further advance is required although manufacture of the optical recording medium 
suitable for using it by the holography storage system has progressed. In case chemical and structural 
integrity can be improved, and it can form in a layer having no complicated chemical treatment and 
comparatively thick (for example, it exceeds 1mm) and the property of a matrix is chosen especially, a 
medium with some tolerance is desirable. 
[0007] 

[Means for Solving the Problem] This invention relates to the process of the holography using the 
manufacture process of the improved optical recording medium suitable for using by the holography storage 
system, and a medium, and a medium. The light figure formation system by which this medium is equipped 
with one or more optical activity organic monomers into it including a hybrid inorganic organic three- 
dimensions matrix is arranged. It is effective that a matrix is vitrified including the three-dimensions 
inorganic foundation (for example, Si-O-Si-O) to which, as for the hybrid inorganic organic matrix, the 
organic part (for example, alkyl and/or an allyl compound) was given. (At least 45-degree C Tg is shown to 
a glass transition temperature (Tg) as high at least 20 degrees C than service temperature as "vitrified", and a 
type target.) This detail Kakiage and an optical activity monomer may be molecules polymerization-ized in 
response to exposure in the light of specific wavelength, and may be induction from other ingredients (for 
example, photopolymerization initiator) by other ingredients exposing it to light, even if it carries out the 
direct reaction of this to light. 

[0008] A record medium offers the precursor of a hybrid inorganic organic matrix, mixes a matrix precursor 
with a light figure formation system, and is manufactured by forming a matrix (inch situ) in the location 
even if it stiffening the mixture ("the location of a basis" (inch situ) means that a matrix is formed in the 
condition that a light figure formation system exists). Although a matrix and a light figure formation system 
are chosen so that the independent chemical property may be shown, as for this, that the structure of 
hologram record of the structure of matrix formation differs, i.e., the process in which a matrix is formed 
from a precursor, means not guiding the polymerization of (a) light activity monomer substantially, and not 
preventing the polymerization of consecutiveness of a monomer substantially between the writing of the (b) 
hologram. For example, a matrix is typically formed of heat curing of a precursor, and on the other hand, the 
optical activity monomer of a light figure formation system is designed so that a polymerization may be 
carried out by exposure to radiation. Therefore, although matrix formation does not affect substantially the 
information storage capacity of a light figure formation system typically, the heat induction polymerization 
of an optical activity monomer happens between matrix hardening typically. 

[0009] A hybrid matrix precursor is Rn M(OR')4-n typically. It is the oligomer guided by hydrolysis and 
condensation from the compound expressed. M is a metallic element which has a valence more than 
trivalent [, such as silicon, titanium, germanium, a zirconium, vanadium, and aluminum, ] here (it is 
considered in the purpose of this invention that silicon is a metallic element), R is alkyl or allyl compounds, 
such as methyl or phenyl, R ! is low alkyl which has a maximum of four carbon atoms, and n is within the 
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limits of 1-2. Effectively, this becomes the final matrix of the branching siloxane ladder type network 
(branch siloxane ladder network) where the organic part (and a residual hydroxy group and an alkoxy group) 
was attached as a result including the oligomer to which the hybrid matrix precursor was guided from 3 
organic-functions organic alkoxysilane (trifunctional organoalkoxysilane) (namely, organic triethoxysilane). 
(A branching siloxane ladder-like network is a three-dimensions network of Si-O-Si-O formed from the 
hydrolysis condensation of the organic alkoxysilane of three organic functions and two organic functions, 
and at least 20% of Si atom is combined with three O atoms here.) 

[0010] Typically, before mixing with a light figure formation system, the precure of the matrix precursor is 
carried out. (A "precure" shows the process which raises the viscosity of a precursor by guiding 
condensation further.) Since matrix structure is partially formed as a result of a precure before adding a light 
figure formation system typically, in order to avoid substantially the heat induction polymerization of an 
optical activity monomer which happens without a precure process, it is possible to fully perform final 
hardening at ****** time amount and temperature. (An "early stage" shows the polymerization of the 
optical activity monomer in front of the write-in process of data.) 

[001 1] The hybrid nature of a matrix material brings about some advantages. Stability thermal [ an inorganic 
foundation ], mechanical, and chemical is brought about. Moreover, an inorganic foundation reduces both 
the massive viscoelasticity creep typically shown by the medium which uses an organic polymer matrix, and 
bulk-polymerization induction contraction. The organic part given to the foundation offers a matrix 
precursor, that [ organic component (for example, optical activity monomer) ] of a light figure formation 
system, and compatibility, and enables desirable diffusion of the light figure formation system in a matrix 
precursor between manufactures of a medium. Furthermore, organic big parts, such as an allyl compound, 
increase the free volume of a matrix, and reduce a network consistency. Thus, if a network consistency 
becomes low, the process which therefore memorizes data so that may ease diffusion of the monomer within 
the matrix between exposure will be improved. Furthermore, selection of an organic part enables adjustment 
of the physical characteristic of a matrix. 

[0012] Therefore, this invention offers the optical recording medium which has the hybrid inorganic organic 
matrix which brings about chemical and mechanical stability, in case it chooses the property of a matrix, it 
gives some tolerance, and it enables formation in a comparatively thick layer. 
[0013] 

[Embodiment of the Invention] A hybrid inorganic organic matrix precursor is offered according to the 
process of this invention. A matrix precursor and the oligomer ingredient by which condensation was carried 
out typically partly further are mixed with the light figure formation system which contains typically one or 
more optical activity organic monomers and the component of additions, such as a photopolymerization 
initiator. Then, mixture is hardened and forms a final matrix. (In the purpose of this invention, "inorganic" 
shows the element chosen from four groups of the periodic table, five groups, 13 groups, and 14 groups.) 
These groups are defined by the 12th edition (epitome chemistry lexicon of HORI) of Hawley's Condensed 
Chemical Dictionary. A matrix and a light figure formation system are chosen so that the independent 
chemical property may be shown. This That the structure of matrix formation differs from the structure of 
hologram ****, i.e., the process in which a matrix is formed from a precursor (a) It means not guiding the 
polymerization of an optical activity monomer substantially, and not preventing the polymerization of a 
consecutive monomer substantially between the writing of the (b) hologram. Therefore, it secures that the 
independent chemical property does not affect it substantially [ matrix formation of the location of a basis ] 
in the information storage capacity of a light figure formation system. A matrix is typically formed of heat 
curing of a precursor. Since the optical activity monomer of a light figure formation system is designed so 
that it may not react to a matrix formation condition comparatively so that a polymerization may be carried 
out by exposure to an exposure and, matrix formation does not affect a light figure formation system 
substantially typically. However, some heat induction polymerizations of an optical activity monomer 
happen typically between matrix hardening as above-mentioned. (Inhibition of a consecutive polymerization 
makes reference in possibility of bringing about formation of the class to which matrix formation interferes 
in the polymerization of for example, an optical activity monomer.) 

[0014] A hybrid matrix precursor is Rn M(OR')4-n typically. It is the oligomer guided from the compound 
expressed. Here M It is the metallic element which has a valence more than trivalent [, such as silicon, 
titanium, germanium, a zirconium, vanadium, and aluminum, ] (it is considered in the purpose of this 
invention that silicon is a metallic element). R is alkyl or allyl compounds, such as methyl or phenyl, R' is 
low alkyl which has a maximum of four carbon atoms, and n is within the limits of 1-2. A part of precursors 
[ at least ] need to be three organic functions (n= 1), in order to offer three-dimensions matrix structure. It is 
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possible for an oligomer precursor, especially siloxane oligomer to come to hand. Or in that case, although it 
is possible to obtain a monomer precursor, related oligomer is formed at a certain time before the process 
which manufactures an optical recording medium, before mixing a precursor with a light figure formation 
system typically. Before mixing with a light figure formation system, by obtaining or forming an oligomer 
precursor, the ****** last hardening is attained more and, therefore, the possibility of the preliminary 
polymerization of an optical activity monomer decreases. 

[0015] Matrix formation takes place according to the well-known device of alkoxide sol gelation study 
typically. For example, C.J.Brinker etc., "Sol-Gel Science : Refer to Physics & Chemistry of Sol-Gel 
Processing (physics and chemistry of sol gel science-sol gel processing)" (Academic Press, 1990). In 
hardening of a 3 organic-functions oligomer precursor, according to standard alkoxide sol gelation study, a 
precursor forms a three-dimensions network by this including the further condensation. The organic part 
given to the foundation of a final hardening matrix affects the property (for example, flexibility, impact 
resistance nature, thermal shock resistance, a refractive index, a consistency, abrasion resistance nature) of a 
medium. In order to offer a desirable property, it is possible to use the combination of an organic part (for 
example, both methyl and phenyl). For example, methyl raises the compatibility of a hybrid matrix 
precursor and a light figure formation system, and enables use of a****** hardening condition. Moreover, 
a phenyl group offers this compatibility, although the rate of hardening falls. Since the size of phenyl is 
large, a phenyl group lowers the network consistency of a matrix compared with the matrix which increases 
free volume and has only a methyl part. A low network consistency promotes diffusion of the optical 
activity organic monomer between the writing of data, and gives some flexibility to a matrix. (When a 
matrix precursor is guided from hydrolysis and condensation of 3 organic- functions organic alkoxysilane, 
diffusion is also strengthened by including a dimethylsilyl radical in the foundation of a matrix.) Although 
this raises thermal shock resistance again, the condensation rate of a matrix is lowered. The organic part (for 
example, above-mentioned R') removed by the condensation reaction affects the formation rate of a matrix 
typically. For example, according to the well-known inclination for the reaction time of a larger alkoxy 
group to become late, the precursor to which the methoxy group was given reacts more quickly than the 
precursor to which the typical more large ethoxy radical was given. 

[0016] As a selectable thing, the precure of the hybrid matrix precursor is carried out before mixing with a 
light figure formation system, namely, in the case of an oligomer matrix precursor, condensation is further 
carried out. In order to promote the condensation of a matrix precursor, when a precure is used, although the 
****** last hardening is generally required more, this is because the last hardening is performed by the 
oligomer of the mixture of a matrix precursor / light figure formation system by which condensation was 
carried out substantially. That ****** hardening is more advantageous is the point that the damage to light 
figure formation systems, such as heat induction preliminary polymerization of an optical activity monomer, 
is reduced generally. Although a precure is performed to extent which enables substantial diffusion of the 
light figure formation system in a precure precursor, the conditions of a precure change according to a 
specific hybrid matrix precursor. Furthermore, in order to thin a precursor after a precure, it is possible to 
add organic solvents, such as an acetone. Typically, a precure is the temperature of the range of 1 00-200 
degrees C, and is 1-hour sheep Michiyuki ******. A control sample offers easily the information about the 
conditions which can receive a precure. 

[0017] Before mixing a light figure formation system with a hybrid matrix precursor (irrespective of 
[ whether the precure is carried out ]), typically, the viscosity of a precursor is adjusted to about 1 OOOcps or 
less by addition of a solvent, and mixing is urged to it by it. application of heat — and it is possible to adjust 
viscosity by use of/or a solvent. The alkanol which has a maximum of four carbon atoms, and the ketone 
which has a maximum of four carbon atoms are contained in the solvent suitable for this invention. Here, 
alkanol and a ketone are vaporizable from the mixture of a matrix precursor ingredient / light figure 
formation system at the temperature of less than about 80 degrees C. The acetone is useful about especially 
various matrix precursor ingredients, especially the precursor ingredient which has the foundation (siloxane- 
based backbone) of the siloxane base. When a solvent is used, the viscosity of a precursor is reduced, a 
solvent is typically mixed with a matrix precursor first, and a light figure formation system is continuously 
mixed with the precursor by which the solvation was carried out. Although the solvent is useful especially 
when the precure of the matrix precursor is carried out, that is because a precure raises the viscosity of the 
matrix aforementioned matter. When mixing, a hybrid matrix precursor and a light figure formation system 
form the solution of a light figure formation system effectively in the hybrid matrix precursor by which the 
solvation was carried out. The lump of a solvent is removed by becoming hot slowly under a vacuum, and, 
further thereby, matrix condensation is demanded from him. This process is stopped when desirable weight 
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is obtained. 

[0018] Including an optical activity organic monomer, when this exposes a light figure formation system to 
the light which passed the array showing the page of data, as for a light figure formation system, a 
polymerization is guided. In response to the monomer of the smaller amount of the exposure field you were 
made to produce by the polymerization, an additional monomer is diffused in an exposed region from a dark 
place. The difference of a polymerization and the monomer concentration as the result causes change of a 
refractive index, and forms the hologram of the data carried by record light. Various useful monomers (it is 
typically called an optical monomer) are well-known in a related technique, and useful in this invention. 
Refer to "the Photopolymers for Holography (optical polymer for holography)" (SPIE OE / laser meeting, 
1212-03, California Los Angeles, 1990), such as the United States patent application sequence number 
08th / No. 698,142, and W.K. Smothers. Both are mentioned above. As consideration at the time of choosing 
an optical monomer, the contrast between the refractive index of a monomer especially the refractive index 
of a monomer, and the refractive index of a matrix and the reactant rate (rate ofreactivity) of a monomer are 
contained. The monomer suitable for the medium of this invention contains AKURI acid monomers, such as 
isobornyl acrylate, phenoxy ethyl acrylate, and diethylene-glycol-monoethyl-ether acrylate. The monomer 
which has other functional groups, such as epoxide and vinyl ether, is also suitable. It is possible to use the 
monomer which strengthens contrast between the part which the medium exposed, and the part which has 
not been exposed. Acrylate, such as 2-NAPUCHIRU-l-oxy-ethyl acrylate and 2 (N-carbazoyl-l-oxy-ethyl) 
acrylate, is contained in the monomer which strengthens these contrast. Moreover, it is possible to use the 
monomer which shows a comparatively low refractive index (less than [ for example, ] 1 .50). The mixture 
of a monomer is useful in order to offer a desirable property in some situations. 

[0019] Typically, a light figure formation system contains a photopolymerization initiator further. Since the 
thickness of the direct light induction polymerization [ especially ] of the monomer by exposure in light of a 
record medium increases, it is often difficult. If comparatively exposed to the record light of a low, a 
photopolymerization initiator will start the polymerization of a monomer chemically and the need for the 
direct light induction polymerization of a monomer of it will be lost. Generally a photopolymerization 
initiator can be dissolved in a matrix, it should hardly be influenced by final matrix hardening, but the 
source of the class which starts the polymerization of a specific optical monomer should be offered. 
Typically, based on the weight of a light figure formation system, a result with a 0.1 - 5wt% desirable 
photopolymerization initiator is brought about. It is well-known for this contractor, and the various 
photopolymerization initiators marketed are suitable for using it by this invention. Moreover, it is possible to 
use other additives, for example, the inactive diffusate which has a low comparatively high or refractive 
index, by the light figure formation system. 

[0020] The mixture of a matrix precursor and a light figure formation system forms a matrix in response to 
final matrix hardening in the location of a basis. The last matrix hardening is effectively performed under 
the conditions which avoid the substantial preliminary polymerization of the optical activity monomer of a 
light figure formation system. For example, since the optical induction polymerization of a monomer is 
avoided as above-mentioned, heat matrix hardening is typically effective. (However, it is possible to 
perform the last matrix hardening using the light of the wavelength to which the polymerization of a 
monomer is not caused substantially.) however, some optical activity monomers of a light figure formation 
system lose between heat curing typically - having - a polymerization — or it volatilizes. It is more 
effective to remain, even after at least 75-mol% of a monomer's hardening, and to remain effectively, even 
after at least 90-mol %*s hardening. Furthermore, perfect hardening of a hybrid matrix precursor is typically 
unnecessary. Although it changes with specific precursors used, in order to offer the matrix structure of 
having the physical characteristic (that is, 20% of the functionality of a potential reactant precursor not 
reacting) which can be received, generally about 80% of hardening of a precursor is enough. Generally, in 
order to reduce preliminary polymerization, it is desirable to perform the last hardening at the temperature of 
less than 100 degrees C. At such temperature, it is often necessary for several hours or several days to 
perform hardening. In order to determine the conditions of hardening suitable about the parameter of a 
desirable lot, a control sample is used easily. If hardening is completed, the optical recording medium is [ by 
the above holography approaches ] ready for performing data storage, for example. 
[0021] In the effective example, a hybrid matrix precursor is organic siloxane oligomer guided from 
hydrolysis and condensation of one or more 3 organic-functions organic alkoxysilane (for example, 
triethoxysilane). Especially useful 3 organic-functions organic alkoxysilane contains the mixture of both 
methyl triethoxysilane, phenyltriethoxysilane, and methyl triethoxysilane and phenyltriethoxysilane. 
Moreover, in order to offer a desirable physical characteristic, it is possible for some 2 organic-functions 
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organic alkoxysilane, such as a dialkoxy silane, to be included. If 2 organic- functions organic alkoxysilane 
exists especially, since the bridge formation concentration (cross-link density) of a matrix will fall, it is 
thought that diffusion of the optical activity monomer in a medium is promoted. Since formation of an 
oligomer precursor is attained by hydrolysis and condensation, it forms a branching siloxane ladder type 
network. This oligomer formation process is typically performed before a precure, and such various 
oligomer ingredients are marketed. As mentioned above, an organic part raises the solubility of the optical 
activity organic monomer in a precursor, and divides and gives flexibility a little to the last siloxane matrix. 
It is possible to be in the condition of the solid-state known as a liquid or a flake, and for organic 
alkoxysilane to come to hand by marketing as organic siloxane oligomer hydrolyzed partially. When an 
organic siloxane oligomer flake is used, it mixes with a solvent (typically butanol) and a solution is formed, 
moreover, a liquid organic siloxane matrix precursor (it does not ask whether it is a monomer, or is 
oligomer, or they are both a monomer and oligomer) — a solvent — in addition, it is also possible to adjust 
the viscosity of a precursor to desirable level. Since an acetone does not have the little deer need in order to 
reduce viscosity greatly, it is effective especially for this purpose. A precure is effectively performed by the 
oligomer organic siloxane precursor. To the midst before a precure, a part of product (generally it is 
volatility) of a solvent and condensation evaporates typically. Generally a precure is about 100-160 degrees 
C in temperature, and an about 10-minute less or equal is short- time ******** comparatively. A precure 
promotes the condensation of an oligomer precursor further and raises viscosity. 

[0022] It is typically mixed with a solvent and the organic alkoxysilane matrix precursor by which the 
precure was carried out lowers viscosity, in order to promote mixing with a light figure formation system. 
Then, the lump of a solvent advances condensation of a matrix further as mentioned above by being 
removed by becoming hot gently under a vacuum, and carrying out like this. And this process is stopped 
when desirable weight is reached. Then, finally mixture is hardened and forms the matrix of an inorganic 
organic branching siloxane ladder type network in the location of a basis, the effectiveness of a precure — 
the last hardening — typical — about 60-80 degrees C — it is low temperature comparatively and is carried 
out comparatively long duration (exceeding 50 hours). The range of this temperature is enough in order to 
continue the condensation started between precures, but generally, in order to reduce the preliminary 
polymerization of the optical activity monomer in a light figure formation system, it is low enough. In order 
to form a useful medium, it is not necessary to harden a siloxane matrix completely. As generally mentioned 
above, in order to offer desirable structure integrity, about 80% of hardening is typically suitable. 
[0023] Manufacture of a record medium includes making the mixture of a matrix precursor / light figure 
formation system deposit between two plates typically using a gasket to include liquid mixture. Although a 
plate is glass typically, it is also possible to use the ingredient (for example, plastics, such as a polycarbonate 
or Pori (methyl methacrylate)) of an and also [ it is transparency ] to the radiation used in order to write in 
data. In order to maintain thickness desirable about a record medium, it is possible to use a spacer between 
plates. It is possible to bring stress to a plate by contraction of an ingredient between matrix hardening. This 
stress changes the parallelism and/or spacing of a plate, and, therefore, has a bad influence on the optical 
property of a medium. In order to reduce such effect, it is useful to put a plate on the equipment containing 
the mount (for example, vacuum chuck) which can be adjusted according to change of parallelism and/or 
spacing. It is possible to supervise parallelism and to perform required adjustment with such equipment, 
using the conventional interference analysis. 

[0024] Drawing 7 shows the base element of the holography system 1 0 suitable for using it with the optical 
recording medium of this invention. A system 10 contains a modulator 12, an optical recording medium 14, 
and a sensor 16. A modulator 12 is equipment which can express the information on a 2-dimensional page 
with light. Equipment 1 2 is space light modulation equipment typically connected to the coding equipment 
which encodes 1-page information to a modulator. Based on coding, equipment 12 lets alternatively the part 
of the signal beam 20 which passes equipment 1 2 pass, or prevents it. Thus, a beam 20 is encoded in an 
information page image. A page image is memorized by interfering in the signal beam 20 which is a 
reference beam 22 and was encoded in the location of on an optical recording medium 14 or inside. This 
interference brings about the interference pattern (namely, hologram) regarded by the polymerization by 
which optical induction was carried out into the medium 14 as the refractive index which changes, for 
example, and/or a pattern of absorption. For example, it is possible by changing the include angle of a 
reference beam 22, wavelength, or a phase to memorize one or more holography images in one location, or 
to memorize a hologram in a duplication location. Typically, the signal beam 20 passes a lens 30, before 
crossing by the reference beam 22 in a medium 14. A reference beam 22 is able to pass a lens 32 before this 
crossover. 
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[0025] After an image process is completed, a record medium 14 receives the flood exposure (flood 
exposure) which carries out the polymerization of the optical remaining activity ingredient. Therefore, this 
flood exposure fixes a system in photograph-semantics. Then, it is possible by making a medium (like 
[ above-mentioned / of the case in phase correlation multiplexer holography ]) 14, and a reference beam 22 
cross with the same location, and the same include angle as a reference beam 22 being turned between 
informational storage, wavelength or a phase to retrieve information. The reconstructed information page 
passes a lens 34 and is detected by the sensor 16. For example, a sensor 16 is charge equipment or an active 
pixel sensor. Typically, a sensor 1 6 is attached in the equipment which decodes an information page. 
[0026] The record medium of example 1 some was manufactured according to the following processes. The 
oligomer matrix precursor which was guided from methyl triethoxysilane and phenyltriethoxysilane (the 
mole ratio of methyl pair phenyl is 1:1) and by which was hydrolyzed partially and condensation was 
carried out was obtained from Owens-Illinois (Ohio Toledo) by the shape of a flake. The solution 
(concentration of 0.25 g/cm3) of the precursor in an acetone was filtered on the 50-micron mesh screen, in 
order to remove a particle. Then, the precure was performed by heating mixture to about 120 degrees C with 
scrambling actively. The residue (it was a condensation product) collected after evaporation of a solvent and 
stripping (evolution) of ethanol was again dissolved in the acetone. It is based on the residue by which the 
solvation was carried out at the weight of a 1 0wt% acrylic-acid lauryl monomer (based on the weight of an 
initial oligomer matrix precursor), and a monomer, and is a 5wt(s)% CHITANOSHIN organic metal 
photopolymerization initiator (CGI784 obtained from Ciba-Geigy). After the mixture obtained as a result 
was heated to about 80 degrees C, it was poured out into the O ring (about 300 micrometers in the diameter 
of about 3cm, thickness) put on the glass plate. The handsome glass slide was placed on the O ring, and the 
sample was hardened at 80 degrees C in convection-current oven for 50 hours. The hardened sample was 
transparent and showed desirable optical quality (for example, that homogeneity is good, the air bubbles, 
and other internal defects of thickness should be a low). 

[0027] The effect of the last matrix resin hardening of Example 1 to an example 2 acrylic-acid lauryl 
monomer was supervised about two samples using an infrared spectroscopy (IR) and nuclear-magnetic- 
resonance spectroscopy (NMR). Although the sample was prepared according to Example 1, as for the case 
of IR analysis, not glass but the NaCl plate was used for it. 10 hours of the spectrum of the beginning were 
one time interval, and the residual time of hardening is five time intervals, and was acquired with the 
BOMEN Michelson 100 FTIR spectrometer. NMR analysis of a solid-state sample was performed in 
zirconium NMR Rota, and the NMR spectrum of C and Si was recorded on Varian Unity 400 spectrometer 
on the frequency of 100.5MHz and 79.5MHz, respectively. The NMR spectrum was taken at the beginning 
of a hardening cycle (non spinning spectrum), and was taken at the last of a hardening cycle (being 5.6kHz 
the Magic angle- type spinning spectrum). When performing NMR analysis, the contact time for 1 000 
microseconds and 2500 microseconds was used to the wave of H-C and H-Si edited by rectangular cross, 
respectively. The powerful proton decoupling was used between NMR analysis at both the beginning of 
hardening, and the last. 

[0028] Drawing 1 shows the IR spectrum recorded in the last hardening over 50 hours. It is the acrylic 
carbonyl stretch (1 705cm- 1) and acrylic C=CH2 into which survival of the aery late between hardening was 
reflected in drawing 2 A and 2B, and this was separated from the data of drawing 1 R> 1 . Rocking (wag) 
Absorption (910cm-l) is reflected. In drawing 2 A, peak absorption intensity decreases to about 80% of an 
original value. However, acetone carbonyl is absorbed in the same wavelength field, and, probably loss of 
absorption intensity is based on volatilization of the residual solvent between hardening. Drawing 2 B shows 
the band of the comparatively fixed reinforcement by acrylic CH2 part in hardening. Since it was made 
opaque with the organic silicate band, the acrylic C=C band was not able to be used as a monitor. Therefore, 
IR data did not offer exact quantification of the acrylate survival in a record medium. 

[0029] Drawing 3 A and 3B show the NMR spectrum of the sample before the last hardening of 7X and IX 
on a tetramethylsilane scale which comes out, respectively. The resonance which corresponds from a 
medium ingredient was described with the residual acetone. The carbonyl signal (166.3 ppm) was again 
used, in order to supervise the stability of acrylate between hardening. It is because the aroma resonance of a 
phenyl siloxane makes acrylic olefin carbon opaque. The signals of methylene and methyl carbon are 58.5 
ppm and 18.0 ppm, respectively, and offer the proof of a residual ethoxy radical. It is thought that the small 
resonance in 0.3 ppm is produced from the 2 organic-functions impurity of a 3 organic-functions precursor 
on a network. It is shown that the unit of the dimethylsiloxane of a small amount exists. The NMR 
spectrums after hardening are drawing 4 A and drawing 4 B, and are shown by 6.5X and IX, respectively. 
Although that there is no resonance shows the carbonyl signal in the acrylate by which the polymerization 
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was carried out by 1 73 ppm, this shows that the monomer was thermally stable on condition that hardening. 
However, it was shown that the comparison of the spectrum of hardening before and an after remained after 
about 75% of monomer acrylate f s hardening. The acrylic monomer of a small amount is considered to be 
lost for volatilization (a polymerization by contrast). 

[0030] Moreover, NMR offered the information about matrix formation. Drawing 5 shows the chemical 
structure of the organic siloxane used in Example 1 . TO A basic monomer is expressed and they are Tl , T2, 
and T3. TO The continuous phase of condensation is expressed from hydrolysis of a monomer. Drawing 6 A 
and drawing 6 B show the NMR spectrum of last hardening before and the back, respectively, the inferior 
letter of m shows a methyl part, and the inferior letter of ph shows a phenyl part. Since an organic siloxane 
is obtained as oligomer hydrolyzed partially, the NMR spectrum of drawing 6 A is mainly T2. T3 It is 
shown and there is dimethylsiloxane (D2m) of a small amount. It was presumed that extent of hardening 
before the last hardening, i.e., extent of network formation, was about 84%. Drawing 6 B shows the NMR 
spectrum after the last hardening. Peaks differ in reinforcement and width of face slightly but similarly. 
Although drawing 6 B showed that matrix formation took place further between hardening, it was not 100% 
of reaction. 

[0031] Example 3 — although analysis of fundamental holography was manufactured according to Example 
1, thickness of an ingredient was performed to the sample which is 100 micrometers. Shift multiplexer 
(shift-multiplex) structure was used, now, the hologram which overlaps partially is recorded continuously, it 
is in the new location of the medium by which each hologram was shifted, and discrimination between read- 
out was enabled by the Bragg selectivity (Bragg selectivity). The signal and the reference beam were 
generated by the diode pump duplex frequency YAG laser, and showed the wavelength of 532nm. One non- 
inclining plane wave hologram was recorded into the medium by exposure for 1 0 seconds by the 
reinforcement of about 3 mW/cm2 (it indicates the direction of a medium perpendicular to the crossing of a 
reference beam and a signal beam "un-inclining"). The reinforcement of two beams was almost equal and 
the hologram d spacing was maintained by about 839nm. The phase in early stages of formation of a 
hologram was supervised on real time, using lmW HeNe laser emitted by 632nm as a probe beam. Extent of 
the diffraction by the HeNe probe was used as what shows hologram reinforcement. This approach is 
qualitatively useful although a HeNe probe does not offer true quantum measurement of hologram 
reinforcement. The data obtained by the HeNe probe are reflected in drawing 8 . Drawing 8 shows that the 
greatest diffraction efficiency is attained in several seconds. 

[0032] After the writing of a hologram, flood hardening of the sample is carried out with a xenon lamp, the 
filter of the output is carried out and it brings about the reinforcement of 10 mW/cm2 with a visible 
spectrum for about 10-20 seconds. Flood hardening stabilizes a system to the further photoreaction 
between read-out of a hologram. In order to test the durability of a hologram, continuation flood lighting 
was performed for 12 hours. The result after the first flood lighting and the lighting of 1 2 hours is shown in 
drawing 9 . The medium showed that diffraction efficiency fell slightly after the lighting of 12 hours. It is 
thought that the structure of this reduction is bleaching of a part of hologram by existence of a 
photopolymerization initiator. That is, it was superimposed on the absorption grid of a photopolymerization 
initiator to the plane wave hologram. Reinforcement did not deteriorate for the hologram to which residual 
diffraction was caused with the refractive-index pattern of photopolymerization, but the lasting thing was 
observed. 

[0033] If the specification of this invention and practice which were indicated on these specifications are 
taken into consideration, other examples of this invention will be clear to this contractor. 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation* 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 3 A] 
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[Drawing 5] 
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1 1 \ 1 1 " i ■ ■ 1 1 1 1 1 1 1 r 1 1 ' i" ■ 1 r 1 1 ' i " 1 ■ i ■ ■ " i ■ 1 ■ ■ i 

-10.0 -20.0 -30.0 -40.0 -50.0 - 60.0 -70.0 -80.0 -30.0 
ppmttTMS 



[Drawing 7] 
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40 -latSv'XxAT-fflt-'Stofc^b^A^nrc^fB^ 

^-r-o^D-fextcgi-rso ccommi, ;w^;?h 
ista^^H^Tc^ h y y ^x*#* N -?-c!)ttik:. 1 

±^Stt#«*yv-«:fi|^s)^i^fies'X7 i A^E 

?na, ^I'^'y -y k^r«s#^ h y y ^xt±. waas 
# (0>i^tf7;i'^^<fetf/sfca7 , y;w *w^nrc 

H5Sj7r^©±& (PAff S i-O-S i-O) £r#2* N 

v h y y ^xt±**^x«-e^sc i:^j»*^-e*So 
jo s^^xg^igft (T f ) , mmmci±'pis:< tt>4 
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5 

C0008] mammt. *\*?v * vmrnrnwr* h y 

<y *X<Ob3IK&iWS:««U T h y •yi'^USftS^ 
fgiJ&£i/XxAi:iI-&U *-LT*-£DS-&^%B?{b2-e 
TfciOfiffiT* (in situ) T h y >y ^XSrJgjEg-rsc 
i:fc<fcoTgBi2ft£ ( TfetflDtiBT* (in situ) j 

)t®^->Xv i A^#S-rs*t%l'PT h »J -y *X 
tf^SStiSCi:***-^) „ ?h'J -y *X:te<fctf)fc 

$ jgj£->xx Att, ait bfcfb^^ttM^^-r <t 3 \cm 

^X^gi^S*^^*tvS^a-bX^ (a) )^g1£ 

^yr-oa-&^MWic^-a-^ (b) *ny 
iim±L*^c£itm$ii-rz> 0 m*.is. Thy-y*x« 

XJgfi2l±^SW»cf±. )fc®«Ji^>XirA<9flt*8i2tifi;rj 

mm^tmmmicT h y -y ^x^ffcorafcecs. 

[0 0 0 9] A-f7U y H? h y y *Xf}BfMl»±, w 

SiWfctiRn M (OR' ) 4-n T-gkZtiZit&VafrZIm 
zK#i^<fctflt^c<fcoTSi^Sft;rc*y 

ffi«±©H^ffi*#-rs^S7r^T* t) (->y n Vli* 
5l^<DS6gic43^T^M7n^i:**5tiS) > RfcM^ 

R- &«m4m<o&imm : ?itm-?zi&7jv*)i>-z&9. 

v h y -y ^XtGIB^JMli, HttflBftOTJl/a^S'S'?:/ 
(tri functions I organoalkoxysi lane) (■$"&*Jt3lH& 

h'jxh^i'yy) 3^e.sii»stifc*y =rr— ^rg- 

J'fife.fctfTOl/a^i'S) trnZftfcftmi/aJrVZ/m 
?m\5\B8ffl (branch siloxane ladder network) <99$£ 
ttfcT h 'J y ^XlcfcS. (^->n^-9-v^ttiW 

#»ffi-&fr£.JE?/££n5S i-O-S i-OCDH^TC® 
T'&*K CCf, S i Jg^©'>*< i:fe2 0%«3-p<D 

[ooio] ASWtcii, Thy yt7Mmam.it. % 
%m\t} tit, zzicm&itmm?zctic&-oTw}m 



(4) #fPPP 1 1 -3 4 4 9 1 7 

6 

mma±ftmB&~>x ; rL.*mQ-tzm\c-? h y -y *x 

[001 1] Thy •yi'^fiC/W/y *y hM£l±, V> 

<o*wofws* «w±<j», saw, m>$.m. 

io *'Jt— rhU >y^X£ffi^3«mc<fc-=>T|tiSJ|${c;^ 

snst&KttsPte* y-y^«tt;%«fi-&s^jR$s«Pi 

#^£.-r. ±&»cttSnfc: : fr®3P#fci\ Th'Jy^X 
ttlS^Mfc^Jgfig^X^A©*®^^ (0tJ*tf)fcig14 

y *y i'XMIIMJStf o»fiSi'Xri»OSS Ll^ffifiSt 

it. •vhvytxvs&wmttm^i^ *re&«£«s> 

•y^xrt^yT-tofiSH^ifti-rs.t^-efe?), 
20 T-r-^^fStti-rs^a-bx^a-rs. 

gp»co^t±, Thy>y*x©$&swi#i£©iiS£fcRjtg 

[ooi 2] iot, *Mti, fla*»a»o««ttfc* 

^t.fcc,-r/N-Y^y -y f^*«t h y -y ^x^-r 
S J^HS«f*%««Lx Thy >^xottt^t3 

[0 0 13] 

ism<vmz<oi&fm *^oDya-trxtcse-3T. 

30 f y -y KllftawmT h y «y ^ XtQKMHfims . 
t h y >y * xt3i8$&Mx « s £ ic < S fr*g^ 

1 3^> feitfl 4Mfr£>Mnt£ti&7zm*7jiT* Cti 
£><DMlt, 0d^.(fHa«ley' s Condensed Chemical Dictio 
nary (*-y-<9SI«J{t:¥S ! M'0 Sg12IKT*5£a2nT^ 
40 So ) T h y »y >>Xfe<fctf)t®fgfiR5/X-rlxaffijibfj: 
{b¥«&S^-r<t^fi:^?5ti, cnti^ Thyyi' 
XJg^Oftffi^^^a 7^L.&m<DtiMfr £ 5 <1 
-T**)^, Thy -y^X^I9ffiift!?*^Jg«Sn5 
yD-bXtt, (a) Jtffitt*yT-£D«-&«rHSWfctt 
SlJS-e-r, (b) *n^A<D«£ii#<9Hlc^ 

S. AoT« &icLfc{b^lt«t±> t, t<DttB<OT h 
y >y ^ X»fiK*^®^fiK5/X^ A©1f«f2iiffi^fc^M 
W^S^r^^V^C t*SS«-rs. Th«J -y *X«#I 

jo SWt«i5^M<o^fbtcfcoT^fiR^ns. 



-4- 



[0 0 14] y KTM; y ^XfuMfRtt, & 

SWfc«R n M (OR* ) 4-„ •e^^nSft^ab^SI 

yyi/v-^A. 27*3=9 a, *><fc 

;i/*fc»±7y;l/T?SD> R' 4 
•TS<g7 , ;l/4 i ^T*2&t)> nl± l ~2tD|EHF«Jt?fe5. S3 

mwg.<0'p* < £ t>— gpti, sfcTc-r f y txffi&it 
mm-Tztztbic^-gm (n = o * 
y ^v-t&SH&H. ^tcs^o^-y-^ y =rv— ;&A^f 

^-mm^m^m^tcitm^t^ctic^^T. <t 
[ooi5] Thyy^^jgj«tt v ^agicaz^n^ 

fcf, C. J. Brinkert£cD, TSol-Gel Science: Physics 
& Chemistry of Sol-Gel Processing 
-/}V*f)VisaiL<omm.^t^) J (Academic Press, 1990 

is. B*f* sea, joa^ttt) m$ 
So **vw±, M7y >y f^ f y v^T.msm 

u fr-^f^gBfrfcttfc^rrsv f y y ^x^jt^r 



®> ' faBBT 1 1 -3 4 4 9 1 7 

8 

vh'J-yi'Xt^<c 1 €>RT£i1£;S:#* S 0 (v. F y y 
1siiVffi&fr£>mmZtl2>&&. Thy -y **<D±&fc: 

(0diU£±iB<9R' ) tix Hgjetifcliv F y -y 
;l>3*5/g<z>S*Si$Ha<jI< &3 t^5&3o<ot»qjicse 

■rs. 

[ooi 6] 8ft5rte&c£&iT, ;W7'J-yKvb 

w-RmikZ ns. T&t>5 * y rrv-v f y «y 
®jao^&fct± £ e. ti^ns. v b y <y ^ zstsmto 

SOA^7*y >y Ft h y •y^XtSffif&SfcfiSUT^fc'r 
SWfCt±, ^WSEIkti. 1 0 0 — 2 0 OttDSSHfOiaiS 

[ooi 71M79 -y ft h y y^xmnui 

iiAnic<toT*«ji oo o c P sJ^Ttcps^nr. ig-& 
2g«Tv h y y *7&m®mtm/%Mi&m?s*7'i±<o 

^<5±§ (siloxane-based backbone) ^-rsfuSfSJ 
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TT*i*t3< 9£&t-£Cfcfc<fcoTK!>^frti> ££lc 

[0 0 18] mM&i/*7-L>i,±ffi£&nwc£;^-* 

tHSiiglcffiBnrSo M&is&XfZOlgmt L-TOt/v 

#fFiH^— *#^M08/698, 1 42^*5 «fctfl». K. Smothers 
§<0 rphotopotymers for Holography (sfcn^v^-f — 
<D*:i&©)fc#yT-) J (SPIE OE/U— »f-#M. 1212 
-03, *'J7*^- T^otrv-lf/l/XrUx 1990^) ^# 

~*—<Dfcfc&Mg. (rate of reactivity) *^Stl5. 

^zmommcmistts-v-a^ 4v&jv—i\>7i? y 
y 3-;w/if;n-t;i'7^y u— h&ifoT^ y 

^ffrs^eyv-tcti, 2--)-y?-)\s- 1 -^^x^ 

;b7^y l"- r-*5,fctf 2 (N —^tJWW^f )V— 1 

->x^-;i/> ~t >? y u- h * * y 

[0 0 19] ftM^tli, ft&Jg/igi'Xx.taiSS.lcft 

agrees. ytm&fflftBmit. tt®L&ns.i^)i><Dmmy£ 

0 . 1 ~ 5 w t % <D)fcg-&lifI$&|pj#S * L^Hi* *> 7c 



(6) <ftm¥ 1 1 -34 4 9 1 7 

JO 

[0020] Vr-y -V^XjS^St^JgfiK^X^A 
OffiiTV h y -y ^X^r^-T 5. h y y 

io Mn-£ttmifzgkftT?%)%:micfit>tiz. mums 

cD)fc=&fl§^T«$r<? r- y y ZTMiVtftoC £> 
20 7 y y H v h y ^ xi3^MeD^*lSlfbtt^65fc 

mwmm<o-^nm<o 2 0 %^kjbl*^) ^tts-? i» 
y «y x^it^a^-r s fci6ic mm^isom 8 0 % 

^Me.-r^i6fc«, 1 oo"C*rSoiafiT*«i^E{b«rff 
BP^v B!<t:5:fT ^ £ £ tfi Ltf b«i^S t K S. b 

[0021] %}gkff3*mmm-cit. /w^y ? h y 
y txmmVami. 1 o«l<o=tigf«S7;i'3*i"> 

-&^e»K»$n5#^->a^v*yrf-=?-T*So ^ 

40 f h 'J I h+->->7 Vt7 1-/1/ h 'J I b^->->7 V 
y?X<0$gf%Mg. (cross-link density) Tb^TA^S© 

^e.nTt^s„ ^-ydrv-t5^M<o«j5Kti. iozK^fi? 

so \cii.ij!.MWt<omic?Tt>tu ^^c<3D«fc^*^-y 
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11 

C£tfpTtMT-&5. Wt^o^-y-v^ydh?— 7U- ^ 

Biftt±x — uaegtc t±$g i oo~i 6 o °c<d&&t\ *sn 

CO 0 2 23 ¥fflHffcSn^«r«7;I/34 i S/->-7>^' h 
^ * L^litcl Lfc £ $ ic c co^n -feXti(fi±?n 

T'mmmmimi'u*y->t&?m®mm<D^r h y *x 

Ztciblclt, ->a^-9-w h y ^x*^ 
[0 0 2 3] GMKttQSGttt* $*S!«Jfc:«. mtfffi 

s4W«c»LT»»a:fls<JD*ra («*.«#y 



(7) IflHW l l - 3 4 4 9 l 7 

72 

£-oTmft<omfrmcm&w* j §-z.%o ceo 
coo 2 4] 07 *$wi<Dytmmm#)imctiim-r 

10 5<Dlcffil,rc*a?^y4— s^X^A 1 o<Dm*&m* 
mLX^Zo i'X-rAl Olt, gfggHl 2t, Jtl5SJ 
Jg#l 4 fc, -trv-y-- 1 6 gpgS 1 2 

s. shi zit, Aseg»c{±, i ^— ^(JDff^^isji 
mmwv&z* nmt\cm~3^T, mwi 2 it, mmi 

2 *WM-r2>m*§\Z— A 2 0 ©gp»*S#?Wk:ilLfc t> 
SfcliffiihL^ti-rs. C<7)J:dtcLT, kT— A2 Ott 

2 txtcm^ »f — a 2 0 sr^p-r s c t »c «t 

SiStifeMlctoTt^jtSnSTi/^-y or 

•p«±o*d^77^ — r^->>* 1 oto^mfciBSL 

30 1 4*fc^^T#fige-A2 2T*3^ii^nsMfi:, UV 
X3 0^rJljl-rSo C(D3?M<OtO»i:> #BSlf-A2 2«« 

i^vX3 2^aii-rs<it^pr#gT-*s„ 

[0 0 2 5] -f^-^Xn-trXA^TL^T?. sBS^ 
(flood exposure) ^Stt-5 0 <fcoT. £<Dy7y KS 

2AW5-?.ns<oi:picfta, mm. xrcittiLm-e (m 

40 W&<0& 7 »c) m& 1 4 £#SgfcT-A 2 2 %r£f!£-£3 
*tlfcff?8^-^(ilx>X3 4^iiilL. -trv+t-- 1 6 
«S/'c«7'^7 i ^Xi;^-tr;l/-bi/^—T-a&So 

[0 0 2 63 fflJl 

t^<o^©IH^{**^ JMTcoyn-bXJcSe-pTiait? 
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i i i i no i sit »A^«huK) ^e»#e,n 
tco 7*h^T*<Dmmvam<D®m (o. 2 sg/cm^ 

X, «WBMbtWftotift 0 ^Joj&fg£:n*y-;l/<D& 
ft (evolution) ©SrcsiRSftfcBB* <Wd£d8» 
•e*ofc) «7*hVlc?StfSj||Sftfco SMtttatifc 
9SWc. 1 0 w t %<DT>7 u u /1*>>t— 

(SJIB* 1 ; rfv-v h U *y ^XWB»«©««te»^ 

o > v-©ii»cs^^t 5 w t 

s->ymm£m%m&mi£m (Ciba-Gei gy » 
zmzntcCG 1 7 84) o zco&zmznrzm&fai* 

(itg#J 3 cm, I^3 0 0/im) *lca#n 
[0 0 2 7] ffd2 

y*xi«Wbowii4, *n»»Jt# (i R) 

M£*A#7fc¥ (NMR) fcffivvr. 2O0D->^/I/|£O 
^TB»«*ifc. I RM^li V>7jU±, mi 
\cUr>TmMZtlTct>\ 5?^Xt?l±&< N a C 1 

v^c«> ww*. 1 ommi± 1 ^raraH-e. 

«fk®aO*IB«4 5l»mBIB|-e. BOMEN Mich 
elson 100 FTI R£HfeM-Tft5tlfc. 
V^;I/^NMR^«fli. ^-^/.NMRD-^tS 

c^tfs icoNMRx^^h;Hi. ^n^m 

0 0. 5MHz^79. 5MHz^DSiSStVaria 
n Unity 4 0 O^fHcfeS^tlTco NMRX^ 

(5. 6 kHzT^7^7>^;i/Xt:-yyx^ h 

)V) o NMR^^rfT^S^ H-C£H-S i <DW& 

mmcft LT^n^n iooo^st25oo/is 

[OO28]0Ui, 5 0^^Ct5fc^S^!{t^t> 

;t/g^<DS#&02 A:fc<i;tf2 BJcS^ti. <:na@ 

* (1 7 0 5 cm-') *5&XT7>7V)\sC = Q\\i tSW) 

(wag) ®IR (9 1 0 cm- 1 ) ;&£l&bT^£o 02 A 
-Ctt. e-^eRiR^Sti:. *U3;tW)««B8 0%* 
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14 

[0 0 2 9] 03 AfS&Zf 3 Bt±, ^h^^l/S^V 

(16 6. 3 p p m) *±WftOHfc7 * U;MKtt 

^tl^ns 8. 5ppm£18. Oppm 
T\ HHa:h*S/»OlE««a«'r*o 0. 3ppmt 

43<fctf i xTSsnn^« i 7 3 p pmwwa^ 
cttt, n&z titer i7V)vmm\cmfz>jj)i<#-)\'m 

%.Lx^rcct*m~to b^u ^fb^sa^mT^x^ 

30 [0 0 3 0] $fc. NMR^^hU^^XJK^CO^T 

^{b^tS^^NMRX^:^ h;l/*s*U m^T^^ 

^fciT 2 T 3 ^b. />M^o^y^;VS/n^ 
*)%*»BJ«oaStt. $58 4%T*SSi:Ji^^nfc:o 0 

[00 3 1] W3 

tifcWWSOffaW 100/i mT*S1?->^Wi:jt* bT 
■fffetifco i/^hv;l/^yi/»y^x (shift-multiple 

50 x) m&vm^&tu c*iTtt«»«ic«a-r**ay 
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7^^885* (Bragg selectivity) lc<koTplB6 
^-M/i&grY A G U—*f—\C£-iT^f£*Ztl, 53 2 
tf, S3mW/cm 2 ^*tM 0 #F4<DSfcHT* 

«*& 8 3 9 n mlCtmtEtllto 6 3 2 n mtMtS 1 
mW HeNel/- If— %^D- A^LTfflt^ 

ULtco H eN e^n- ^Elff^Sffilix 
^A^fi^-rfeOtbTffl^Sn^Cp HeNe^D- 

(D-f5m±nmcmmT+%>z> 0 HeNe^iaoT 

[0 0 3 2] 4->D^Ac7)S^ii^^T\ 20 

?tlt, l?I10~2 0m RlSX^h;l/TM0mW 
/c m* OS*** fc 7?yFWttt, *d^7 

M&m&mvtFfElc ct S * a 9*7 h,<o— U<om&r*1b Z> 30 



[01] 




1000 2000 3000 4000 5000 
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n&<Dmffim^2-^ic&^T5\zm£2ftrz&x3tr<7 

[0 0 3 3] *Ma»T*BB^Stifc*«W<?)fib«i:*» 
[0S^ffi#^iKW] 

[01 ] *%W^ffiSj«f*OB!ffc:^J5Sfcqf3»S I RX 

[02 A] Hi © I RX^ h;l/fr6»(Knfcr-i' 

[02 B] HI ©I RX^h 71/^6^(1* tifc-r—* 

[03 A] 7XT*S^SEfb^t5co, *3^<BiaSJif*<D 

[03 B] 1 XTfflWRKfbono. ^OGSMt^O 
NMRX^ h;l/*^-r o 

[04 A] 6. 5X7»««3BfbO»©, *«WOl5»« 

[04 B] 1 XTflH«Kffc<O»<0. *^0lBMfttt0 
NMRX^hM^t, 

[05] *StM-effl^6ns#«7;l/3*->5/^>£Dffc 

[06 A] H5©*«7;l/3*i/^V6DSlSO»BH* 

[06 B] 05^W«a7 r ;l/34 L ^^>^SiS^®H^r 
SKl/c, «R«ffc<0»ONMRX^^ b;l/*^*r o 
[07] *o^7-f-C«ttH©WHT*S. 

[08] *58Wfc«oTWtstifc«»te»*asnfc 

[0 9] *^lc«oT«^*tifcttE»»cJ«-«. fi^ 
7^ H«ffl<D»JR*jS-r o 



[02 A] 
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(10) 



WHPF 1 1 -3 4 4 9 1 7 
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(11) 



»BB¥ 1 1 -3 4 4 9 1 7 



[06B] 



17] 




' 1 ' , ■ ■ ■ ■ i ■ j ■ 1 1 " ' 1 1' " 1 1 1 " • i " " j " ' ■ i 

-10.0 -2OJ0 -30.0 -40.O -50.0 -60.0 -70.0 -80.0 -90.0 




[08] 



[09] 



ft 



1.20 E-l i 



8.00 E-2 - 



4.00 E-2 - 



0.00 E+0 




100 200 300 

mmsm m 



1.20 £-1 



8.00 £-2 - 




7 uz/h^— i/CDffiZ 



T*VJi-&tfm 07043 ^ol— »— > 
-71/ K XhU-h 45 



<72)38!H# -T- 7"^^ x^X 

T^U^^S 08812 —iL — is-r—z/ 

819 
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